Understanding the SiO2／Si interface on atomic level is an important subject for fabricating silicon based superior devices. However, despite of many studies on the SiO2／Si interface, the interfacial electronic states have been evaluated as the average, but not specifically with individual states. In the present study, we successfully observed the electronic states of particular atoms at the SiO2／Si interface for the first time, using soft X-ray absorption and emission spectroscopy. The interfacial states are noticeably different from those of the bulk SiO2 and strongly depend on the intermediate oxidation states at the interface. Furthermore, comparing the experimental results to theoretical calculations reveals the local interfacial structures. 
Understanding the SiO2／Si interface on atomic level is an important subject for fabricating silicon based superior devices. However, despite of many studies on the SiO2／Si interface, the interfacial electronic states have been evaluated as the average, but not specifically with individual states. In the present study, we successfully observed the electronic states of particular atoms at the SiO2／Si interface for the first time, using soft X-ray absorption and emission spectroscopy. The interfacial states are noticeably different from those of the bulk SiO2 and strongly depend on the intermediate oxidation states at the interface. Furthermore, comparing the experimental results to theoretical calculations reveals the local interfacial structures. The inset shows the magnified spectrum of (a). Incident photon angle was 36°from surface normal and p-polarized light was used. The 8 nm-thick SiO2／Si (111) structure was prepared in 0.1 M Pa of oxygen at 1,100 K for 1h. Note that absorption from O 1s orbital to O 2s orbital is forbidden due to selection rules. Thus, these absorption spectra show unoccupied O 2p states. (111) interface with P 3, and P 1 atoms of SiO2／Si(111) interface with P 1, respectively . The calculated DOS spectrum was the average of each oxygen atom spectrum. Gaussian broadening was applied to the O 2p DOS. Black balls and gray balls correspond to oxygen and silicon atoms, respectively. 
